We have isolated a Xenopus homologue of the zinc ®nger/homeodomain-containing transcriptional repressor Smad-interacting protein-1 (SIP1) from mouse. XSIP1 is activated at the early gastrula stage and transcription occurs throughout embryogenesis. At the beginning of gastrulation, XSIP1 is strongly expressed in prospective neurectoderm. At the neurula stage, XSIP1 is highly expressed within the neural plate but weakly in the dorsal midline. At later stages of development transcripts are detected primarily within the neural tube and neural crest. In the adult, XSIP1 expression is detected at variable levels in several organs. q
Genes belonging to the dEF1 family encode zinc ®nger containing proteins that have been characterized as transcriptional repressors (Franklin et al., 1994; . Members of this family have been identi®ed both in Drosophila (Fortini et al., 1991) and in vertebrates (Funahashi et al., 1993; Genetta and Kadesch, 1996; Seikido et al., 1996) , and are involved in cell fate decisions during embryonic development (Lai et al., 1993; Postigo and Dean, 1997; Takagi et al., 1998; Su et al., 1999) . A novel murine member of the family, SIP1, was recently identi®ed through its ability to interact with Smad proteins . Here we describe the cloning of Xenopus SIP1 (XSIP1) and analyze its spatial and temporal expression during embryonic development and in adult tissues.
Molecular cloning and Smad-interacting properties of XSIP1
A putative XSIP1 cDNA was assembled from PCR fragments obtained through ampli®cation of neurula stage poly(A) 1 RNA and a Xenopus neurula cDNA library (see Section 3). The Xenopus protein (accession number AF237679) shows 84% amino acid identity with mouse SIP1 (Fig. 1A,B) , compared with 41% with mouse dEF1, 42% with human AREB6 and 43% with chicken d EF1 (not shown). In a yeast two-hybrid assay, the Xenopus protein, like mouse SIP1, interacts with the MH2 domains of Xenopus Smad1 and human Smad2, and with human Smad2 and -3 full-length proteins. No interaction with Smad4 can be detected with either the Xenopus or mouse SIP1 proteins. While full-length human Smad1 interacts weakly with mouse SIP1, no detectable interaction with XSIP1 could be detected, which could be due to a species difference (Fig. 1C) . Based on these functional properties and on the sequence conservation, we refer to the Xenopus protein as XSIP1.
XSIP1 temporal and spatial expression analysis
RNase protection analysis shows that XSIP1 is activated at the late blastula stage and continues to be expressed at least until tadpole stage 38. For comparison, the pan-mesodermal marker Xbra is activated at the same time but transcripts decline from late gastrula/early neurula stage 12±13 (Fig. 2, top panels) . In dissected early gastrula stage embryos, XSIP1 appears very weakly expressed in animal (XSIP1) and its similarities with mouse SIP1 (mSIP1). The N and C-terminal clusters of zinc ®ngers (NZF and CZF) are shown (black boxes for C2H2 and grey boxes for C3H-type), together with the homeodomain-like sequence (striped box). The Smadbinding domain (SBD) is indicated by an oval. The percentages of identical amino acid residues in these well conserved regions are shown. The region of XSIP1 used in the yeast two-hybrid assay is indicated by a bold line. (B) Amino acid sequence comparison. Dots represent gaps introduced into the amino acid sequence, in order to obtain optimal sequence homology. Identical amino acids are represented by hyphens. The position of the C2H2-and C3H-type zinc ®ngers is indicated by bold and dashed overlines, respectively. The Smad-interacting domain is boxed and the homeodomain-like sequence is overlined with dots. (C) Yeast two-hybrid mating assay, showing the interaction of Xenopus and mouse SIP1 with different Smad proteins (MH2 domains or full-length). EGY42 strain was transformed with plasmids encoding the different Smad proteins and mated with the bait strains expressing the mouse and Xenopus SIP1 proteins as described (Gyuris et al., 1993) . On plates containing X-Gal, yeast expressing a bait and a prey that interact turns blue. . Abbreviations: bcs, branchial crest segment; cmz, ciliary marginal zone; dbl, dorsal blastopore lip; eln, epithelial layer of neurectoderm; hcs, hyoid crest segment; idm, involuting dorsal mesoderm; inl, inner nuclear layer; lpm, lateral plate mesoderm; mcs, mandibular crest segment; n, notochord; nc, neural crest; nt, neural tube; sc, spinal cord; sln, sensorial layer of neurectoderm.
and vegetal pole regions. In marginal zone explants, XSIP1 can be easily detected, the highest levels being observed in the dorsal region (Fig. 2, top panels) . Whole-mount in situ hybridization of early gastrula (stage 10.5) Xenopus embryos shows that expression is highest in dorsal epithelial cells ( Fig. 2A,B) . During gastrula to early neurula stages, XSIP1 is widely expressed in the dorsal ectoderm but is weakly expressed in the midline (Fig. 2C±E) . We note that expression of XSIP1 spreads more laterally in the sensorial than in the epithelial layer of the ectoderm (Fig.  2F) . At stage 22, XSIP1 is most strongly expressed in the dorsal region of the neural tube, in the eye vesicle and in the mandibular, hyoid and branchial crest segments (Fig. 2H) . By stage 28, XSIP1 expression has decreased in the neural tube and appears in presumptive premigratory trunk neural crest cells. Expression is also detectable at this stage in ventral mesodermal cells (Fig. 2I±K) . At tadpole stage 37, neural expression of XSIP1 only occurs in the ventricular zone and in the eye, mainly in cells of the ciliary margin zone and of the inner nuclear layer (Fig. 2M) .
In the adult, RNase protection analysis reveals expression of XSIP1 in organs that derive from ectodermal, mesodermal and endodermal derivatives, including brain, spinal cord, eye, skin, heart, liver and lung (Fig. 3) .
Materials and methods

Xenopus embryos
Xenopus embryos were obtained by in vitro fertilization and staged according to Nieuwkoop and Faber (1975) .
Cloning of XSIP1 cDNA
To isolate the initial XSIP1 cDNA fragment, primers directed against the carboxy-terminal zinc ®nger (CZF) cluster of mouse SIP1 were used with Xenopus neurula cDNA as template (forward, GGC ATG TAT GCA TGT GAC TTA TG and reverse, GTA GGA GTA CCT GTG ATT CAT G). Subsequent 3 H and 5 H RACE steps led to sequences including the XSIP1 AUG and STOP codons. New primers within these regions were used to isolate by RT-PCR the full-length XSIP1 from neural stage Xenopus poly(A) 1 RNA: forward, ATG AAG CAA GAG ATC ATG GCG GAT GG and reverse, TGC AGT CAA TTA CAT GCC ATC C.
RNase protection assays
RNase protection assays were performed essentially as described (Krieg, 1991) . Antisense XSIP1 probes were prepared from cDNA fragments corresponding to nucleotides 2476±2655 (for data shown in Fig. 2 ) or nucleotides 3291±3700 (for data shown in Fig. 3) . Xbra, ODC, Sox17a and EF1-a probes have been generated as described (Lamb et al., 1993; Casey et al., 1999) .
Yeast two-hybrid assays
LexA based yeast two-hybrid assays were performed as described (Gyuris et al., 1993) using as bait the regions between the two zinc ®nger clusters of XSIP1 (amino acids 348±975) and mSIP1 (amino acids 315±942) that were cloned in pGilda (Clontech) such that an in-frame fusions with LexA DBD were obtained. As preys, we used the MH2 domains of XSmad1 and human Smad2 and the full-length human Smads 1±4 cloned in the EcoRI/XhoI sites of the pJG4-5 plasmid.
Whole-mount in situ hybridizations
A plasmid containing a XSIP1 cDNA fragment (2728± 3643) was used to prepare antisense riboprobes. Wholemount in situ hybridization and sectioning of stained specimens were performed as described (Bellefroid et al., 1996) . Fig. 3 . XSIP1 mRNA expression in adult tissues analysed by RNase protection. EF1-a is used as an internal control.
